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I 
摘  要 
    随着集成电路的集成度越来越高，第一代 Al 互连材料由于较差的抗电迁移能
力，已不能满足高性能互连材料的要求。Cu比 Al 具有更低的电阻率、更好的抗电
迁移能力，因此，Cu 取代 Al 成为新一代互连材料。然而，Cu 互连线在较低温度
下会与半导体 Si 元器件发生互扩散而生成 Cu-Si 化合物，导致电阻急剧上升，这
会严重影响 Cu 互连线的稳定性与可靠性。为了提高 Cu 互连线的热稳定性，本研
究选择熔点较高且在 Cu 中溶解度较低的金属 V 和 Ta 作为阻挡层材料；同时，通
过在 Cu 中掺杂电阻率较低的 Al 元素制备得到 Cu-Al 合金薄膜，基于以上两种方
法，本论文研究了不同阻挡层的阻挡性能以及不同薄膜体系的热稳定性。主要研
究内容如下： 
(1) 采用磁控溅射方法制备得到了不同厚度的 Cu/V/Si 薄膜，对薄膜样品热处
理前后的晶体结构、微观组织形貌和方块电阻进行了测试表征。实验结果表明，
Cu(300 nm)/V(50 nm)/Si 和 Cu(300 nm)/V(100 nm)/Si 薄膜样品均能在 600℃时保持
良好的热稳定性，同时具有较低的方块电阻，其值约为 0.2 Ω/□。 
(2) 采用反应磁控溅射方法制备得到了不同 N2分压比的 Cu/VNx/Si 薄膜，对
薄膜样品热处理前后的晶体结构、微观组织形貌和方块电阻进行了测试表征。实
验结果表明，N2分压比为 11.72%的 VNx阻挡层具有较好的阻挡性能，Cu/VNx/Si
薄膜样品能够在 700℃时依然具有较好的热稳定性。 
(3) 沉积制备了堆栈结构的 Cu/V/V-N/Si 薄膜，对薄膜样品热处理前后的晶体
结构、微观组织形貌和方块电阻进行了测试表征。实验结果表明，Cu/V/V-N/Si 薄
膜在 700℃时保持良好的热稳定性且具有较低的方块电阻，其值约为 0.2 Ω/□。 
(4) 采 用 磁 控 溅 射 方 法 制 备 得 到 了 Cu/V-Ta/Si 、 Cu/V-Ta-N/Si 和
Cu/V-Ta/V-Ta-N/Si 薄膜，对薄膜样品热处理前后的晶体结构、微观组织形貌和方
块电阻进行了测试表征。实验结果表明，Cu/V-Ta/Si 和 Cu/V-Ta/V-Ta-N/Si 薄膜均
能在 700℃时具有良好的热稳定性，并具有较低的方块电阻，其值约为 0.3 Ω/□。 
(5) 采用磁控溅射方法制备得到了不同成分的 Cu-xAl(x=0.9, 1.8, 2.7 at.%)合金
薄膜，测试表征了合金薄膜样品热处理前后的晶体结构、微观组织形貌和电阻率。
实验结果表明，相比于纯Cu薄膜，Cu-1.8Al合金薄膜直到 600℃热处理 1 h或 400℃
热处理 11 h后才失效，结果表明在 Cu薄膜中添加 Al 元素能够提高其热稳定性。 
关键词：Cu互连技术；磁控溅射；扩散阻挡层；热稳定性； 
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Abstract 
With the increasing integration level in the integrated circuit (IC), the first 
generation Al interconnect material, due to the poor ability of resisting electromigration, 
can not meet the requirements of interconnect materials with high performance. Due to 
its lower resistivity and better resisting electromigration than Al, Cu has been the new 
generation of interconnect material instead of Al. The mutual diffusion between Cu 
interconnect material and semiconductor Si device can occur at low temperatures and 
generate Cu-Si compounds, which leaded to the increasing resistance and affects the 
thermal stability of the Cu interconnect. To improve the thermal stability of Cu 
interconnect materials,, the present research choosed the elements V and Ta that had 
high melting point and low solubility as the barrier layer materials, and used the way of 
doping the lowe resistivity Al element in the Cu films to prepare Cu-Al alloy film. 
Based on the two methods above, this work researched the performance of the different 
barrier layers and the thermal stability of the different thin films.The main research 
contents are listed as follows: 
(1) Different thickness of Cu/V/Si thin films were prepared by magnetron 
sputtering. The crystal structures, microstructures and sheet resistances of the Cu/V/Si 
multilayer film after annealed at various temperatures were investigated. The results 
showed that Cu(300 nm)/V(50 nm)/Si and Cu(300 nm)/V(100 nm)/Si thin films had 
better thermal stability and lower sheet resistance that the value was about 0.2 Ω/□. 
(2) The Cu/VNx/Si thin films with different N2 partial pressure ratio were prepared 
by magnetron sputtering. The crystal structures, microstructures and sheet resistances of 
the Cu/VNx/Si multilayer film after annealed at various temperatures were investigated. 
The results showed that VNx barrier layers with 11.72% N2 partial pressure had better 
barrier performance and Cu/VNx/Si thin films still kept good thermal stability at 700℃. 
(3) The Cu/V/V-N/Si thin films with stack structures were prepared by magnetron 
sputtering. The crystal structures, microstructures and sheet resistances of the 
Cu/V/V-N/Si multilayer film after annealed at various temperatures were investigated. 
The results showed that Cu/V/V-N/Si thin film samples had better thermal stability and 
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lower sheet resistance annealed at 700℃, while the value of sheet resistance was about 
0.2 Ω/□. 
(4) The Cu/V-Ta/Si、Cu/V-Ta-N/Si and Cu/V-Ta/V-Ta-N/Si thin films were 
prepared by magnetron sputtering. The crystal structures, microstructures and sheet 
resistances of the multilayer film after annealed at various temperatures were 
investigated. The results showed that Cu/V-Ta/Si、Cu/V-Ta-N/Si and Cu/V-Ta/V-Ta-N/Si 
thin films had better thermal stability and lower sheet resistance annealed at 700℃, 
while the value of sheet resistance was about 0.3 Ω/□. 
(5) Different compositions of Cu-Al alloy thin films were prepared by magnetron 
sputtering. The crystal structures, microstructures and sheet resistances of the Cu-Al 
multilayer film after annealed at various temperatures were investigated. The results 
showed that Cu-1.8Al alloy thin films were invalid untill annealed at 600℃for 1 h or at 
400℃for 11 h comparing the Cu thin film, which indicated adding the Al element in the 
Cu thin film can improve the thermal stability. 
 
Keywords: Cu interconnect materials; Magnetron sputtering; Diffusion barrier layer; 
Thermal stability;  
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